Methods: Plasmids carrying CTX-M-14 were studied by conjugation, replicon typing, S1 nuclease-PFGE and plasmid PCR-restriction fragment length polymorphism (RFLP). The complete sequence of pHK01, a 70 kb plasmid encoding CTX-M-14 from an E. coli strain, was determined and the results compared with reference plasmids and aligned with GenBank data.
Introduction
The CTX-M-type extended-spectrum b-lactamase (ESBL) is emerging worldwide in many countries. The CTX-M-14 allele has spread globally and is now endemic in many Asian countries, including China, Japan, Korea and Thailand. 1, 2 In Hong Kong, our recent study demonstrated the community emergence of CTX-M as the predominant ESBL among urinary E. coli isolates from women. CTX-M-14 was detected in 37 (88%) of 42 ESBLproducing E. coli isolates with diverse genetic backgrounds. 3 In addition, we found that CTX-M-14 was the most common genotype among faecal isolates of ESBL-producing E. coli causing colonization in this locality. 4 Epidemiological typing by PFGE revealed that the strains were genetically diverse. 3 Therefore, we determined the complete nucleotide sequence of a bla CTX-M-14 -carrying plasmid originating from a clinical E. coli isolate. Replicon typing and a PCR-restriction fragment length polymorphism (RFLP) strategy was then used to assess the relatedness of the CTX-M-14-carrying plasmids originating from clinical isolates collected from diverse sources in Hong Kong.
Methods

Bacterial strains and conjugation
Forty-four CTX-M-14-producing isolates were studied. These included 37 isolates from female outpatients with urinary tract infections (all adults) and 7 faecal isolates from non-hospitalized individuals (one adult and six children).
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Conjugation and replicon typing
Conjugation experiments and sizing of plasmids were carried out as described previously. 5 Susceptibility of the transconjugants was determined by the CLSI's disc diffusion method. 3 The replicon content in the plasmids was determined by PCR and sequencing. 2, 6 The replicon location in the plasmids was confirmed by hybridization with probes specific for bla CTX-M-14 and rep amplified by PCR from different samples. 2 The FII plasmids were categorized by the FAB formula using the replicon sequence typing (RST) scheme described by Villa et al.
7
Plasmid sequencing
The Illumina Genome Analyzer IIx was used for sequencing of the plasmid pHK01 at approximately 500-fold coverage, as described previously. 8 
PCR and RFLP analysis of FII plasmids
The FII plasmids were analysed further by a PCR-RFLP scheme. The sequence of pHK01 was used to design primers for amplification of six loci or regions (designated A to F) with sizes ranging from 1.7 kb to 7.8 kb (Table S1 , available as Supplementary data at JAC Online). Following PCR amplifications, the amplicons were digested with 5 U each of the following restriction enzymes (New England BioLabs) according to the manufacturer's instructions: RsaI (locus A); SfcI (locus B); HhaI (locus C); BsmI (locus D); BstEII (locus E); and DrdI (locus F).
Nucleotide sequence
The GenBank accession number for the pHK01 plasmid is HM355591.
Results
Conjugation and PCR-based replicon typing in CTX-M recipient strains
In conjugation experiments, the plasmids harbouring CTX-M-14 could be transferred in 23 of the 44 strains at frequencies of 10 26 to 10 21 per donor cell. In two transconjugants there were co-transfers of two plasmids. A single plasmid was transferred in the other strains. In addition to cefotaxime resistance, the plasmids in three transconjugants (N52x-2, 1F6 and 6A4) encoded co-resistance to non-b-lactamase antibiotics with profiles involving chloramphenicol, gentamicin, sulphonamides and/or tetracycline. The replicon types and sizes of the CTX-M-14-encoding plasmid were as follows: FII (70 kb, n¼ 13); I1-Ig (40-85 kb, n¼ 4); F1B (170 -180 kb, n¼2); FII and I1-Ig (100 kb, n ¼1); and K (80 kb, n¼ 1). The replicon types could not be determined in two transconjugants.
Analysis of pHK01
The CTX-M-encoding plasmid from 2D2 transconjugant (pHK01) was sequenced. It is a 70262 bp circular plasmid with an average GC content of 52% and 101 putative open reading frames (ORFs) (Figure 1 ; GenBank accession number HM355591). The sequence of pHK01 is almost identical (.99.9%) to the bla CTX-M-24 -carrying plasmid pEG356 (GenBank accession number FN594520), except for the bla CTX-M allele, 13 scattered single base deletions and 3 single nucleotide polymorphism (SNPs). These differences were confirmed by PCR and conventional sequencing. Other CTX-M-encoding FII plasmids highly similar to pHK01 include (year, geographical area, size, coverage, GenBank accession number) pKF3-70 (2006, China, 70 057 bp, 97%, FJ494913) and pC15a-1a (2000 -02, Canada, 92 353 bp, 85%, AY458016).
In comparison with R100, pHK01 had three additional DNA fragments (with sizes of 11 kb, 262 bp and 695 bp). The 11 kb fragment (position 2557 to 13 754) has 14 ORFs encoding a truncated resolvase-like element, a truncated transposase-like element, an iron transport system (eitABCD), resistance to b-lactamase antibiotics (bla CTX-M-14 with an upstream ISEcp1 and a downstream truncated IS903), an outer membrane protein (malB, maltoporin) and a putative toxin-antitoxin plasmid stability system (yacABC). 
PCR-RFLP analysis of the plasmids
The relatedness of the FII plasmids (size 70 kb) encoding CTX-M-14 in the 13 transconjugants was investigated by PCR-RFLP. Restriction digestion of the PCR products yielded one to four different patterns for the six loci ( Figure S1 , available as Supplementary data at JAC Online). According to the PCR-RFLP patterns for the six loci, seven different plasmid RFLP (pRFLP) types (Ia to Id, II, III and IV) were obtained ( Table 1) . PCR with primers in Table S1 showed that the CTX-M-14 gene was flanked by an ISEcp element upstream and an IS903 element downstream in all strains. In all but one isolate (strain 10B1), sequencing revealed that these flanking regions were identical to those for pHK01. The plasmid from strain 2E8 was intl positive. Additional PCRs showed that the intl gene is located about 6 kb upstream of the CTX-M gene. Sequencing showed that the gene content for this region is highly similar to that reported for the plasmid pETN48 (99% identity, position 72 574 to 79 392 in FQ482074). The presence of the malB, yac, eitAB and parAB genes was assessed by monoplex PCRs using purified plasmids as the templates. The results were positive for all except two isolates (10B1 FII plasmids encoding CTX-M-14 in Hong Kong 753 JAC and 2E8). Taken together, the findings suggest that 10 of the 13 FII plasmids are closely related.
Discussion
Our data demonstrate the dominance of two incompatibility groups, IncFII and IncI1-Ig, among CTX-M-14-carrying plasmids. The high transfer frequencies of these plasmids in the conjugation experiments (up to 10 21 per donor cell) may in part explain the dominance of these Inc groups in our area. Since the bacterial host ranges for both IncFII and IncI1-Ig are narrow, this provides an explanation as to why the CTX-M-14 allele was more widespread among E. coli than in other Enterobacteriaceae in our previous studies. 3, 9 As confirmed by the complete sequencing of the 70 kb FII plasmid from strain 2D2 and other analyses, the spread of CTX-M-14 in Hong Kong involved an epidemic plasmid.
CTX-M-14-carrying plasmids originating from strains collected from eight different laboratories during 2002 to 2004 were found to possess identical or highly similar size, replicon type, replicon sequences, co-resistance profiles, pRFLP types and gene content within the variable region. As shown by the in silico analysis of the fully sequenced FII plasmids, the pRFLP scheme was able to discern differences in similar plasmids. Despite some variations, the pRFLP findings for locus A had good correlation with those obtained by the RST scheme 7 while the other loci provide additional information about the plasmid scaffold. However, the current pRFLP loci may not be generally applied for typing of all the IncF plasmids.
Comparison of pHK01 with other CTX-M-carrying IncFII plasmids with the R100 backbone (pEG356, pKF3-70 and pC15a-1a) revealed the involvement of highly similar plasmids in the regional and international spread of CTX-M-14. Interestingly, different CTX-M alleles were carried by two almost identical Figure 1 . An overview of the bla CTX-M-14 plasmid pHK01. Starting from the outside, the first circle shows the six sets of long-range PCR targets in light grey (locus A to locus F). The second circle represents the coding sequences, with arrows representing the direction of transcription. Coding sequences with and without R100 homologues are indicated in grey and black, respectively. The third circle indicates the five functional sequence blocks: the replication region (ORF1 to ORF4); the variable region (ORF5 to ORF18); the partition region (ORF19 and ORF20); the transfer leading region (ORF21 to ORF57); and the transfer region (ORF58 to ORF97). The G+C plot is indicated in the fourth circle (mean 52.3%), ranging from high (grey) to low (black). The fifth circle represents G/C coding bias ranging from high (grey) to low (black). The figure was produced using DNAplotter.
plasmids: pHK01 (CTX-M-14, S274, codon AGC) and pEG356 (CTX-M-24, R274, codon AGG). Similar phenomena have been reported for CTX-M-1/32 and CTX-M-3/15 on IncN and IncL/M plasmids, respectively. 10 In the present study, the genetic support of bla CTX-M-14 in all the isolates involves an ISEcp1 upstream and an IS903 downstream. Sequence comparison revealed identical upstream and downstream DNA organization in other plasmids linked to the spread of CTX-M-14 in other parts of China, the UK and Spain. The findings indicate potential roles played by these elements in the mobilization and transposition of bla CTX-M to plasmids in different compatibility groups.
1,2 Study of the CTX-M-14a and 14b alleles indicated that different mobilization events have occurred by ISEcp1. 2 In conclusion, this study demonstrated the dissemination of CTX-M-14 in Hong Kong and surrounding areas to be mainly associated with narrow-range IncFII plasmids having an R100 backbone and, to a lesser extent, I1-Ig plasmids. As animals have been suggested to be an important reservoir for the CTX-M-type enzymes, future studies should address whether the same or similar plasmids are found among animal E. coli isolates carrying CTX-M-14.
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